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(57) Abstract 



The invetion relates to a mediod for earthing the winding of a rotating 
electric machine comprising a stator wiih a stator cast (17) and winding (7) 
arranged in slots in the stator. which is characterized in that earthing takes 
place between the exit points (25) of the winding from the slots in the stator 
and the first intersection point (26) between two coil ends of die winding. 
The invention also relates to an arrangement for peifonning the method and 
to a rotating electric machine comprising the arrangement 




FOR THE PURPOSES OF INFORMATION ONLY 



Codes used to identify States party 



AL Albania 

AM Aitnenia 

AT Austria 

AU Australia 

AZ Azeibatjan 

BA Bosnia and Herzegeyvina 

BB Boibados 

BE Belgium 

BF BuHdna Fuo 

BG Bulgaria 

BJ Benin 

BR Brazil 

BY Belarus 

CA Canada 

CF Central Afiican Repnblic 

CG Congo 

CH Switzerland 

CI Cate d'lvare 

CM Cameroon 

CN China 

CV Cuba 

CZ Czech Republic 

DE Germany 

DK Dernnaik 

EE Estonia 



to the per on flie ftont pages of paimAlets puWishiug international applications under the PCX. 



ES 


Spain 


IS 


FI 


Finland 


LT 


FR 


France 


LU 


GA 


Gaibon 


LV 


GB 


United Kingdom 


MC 


GE 


Georgia 


MD 


GH 


Ghana 


MG 


GN 


Ouinea 


MK 


OR 


Greece 




HU 


Hungaiy 


ML 


IE 


Ireland 


MN 


EL 


Israel 


MR 


IS 


Iceland 


MW 


IT 


Ttaly 


MX 


JP 


Japan 


NE 


KE 


Kenya 


NL 


KG 


Kyigyzstan 


NO 


KP 


Democialic People's 


NZ 




R^mblic of Korea 


PL 


KR 


RepnbKcofKocea 


PT 


KZ 


Kazakstan 


RO 


LC 


Saint Lucia 


RU 


U 




SD 


LK 


Sri Lanka 


5E 


LR 


Liberia 


SO 



Lesotho 

Lithuania 

Laxembourg 

Latvia 

Monaco 

Republic of Moldova 



The fcnner Yugoslav 
Republic of Maoedooia 
Mali 

Mongolia 

Mauritania 

Malanvi 

Mexico 

Niger 

Netherlands 

Norway 

New Zealand 

Poland 

Portugal 

Romania 

Russian Federation 
Sudan 
Sweden 
Singapore 



SI 


Slovenia 


SK 


Slovakia 


SN 




5Z 


Swaaland 


TD 


Chad 


TG 


Togo 


TJ 


Tajikistan 


TM 


Turkmenistan 


TR 


Turkey 


XT 


Itinidad and Tobago 


UA 


Ukraine 


UG 


Uganda 


US 


Uiuted States of America 


uz 


Uzbekistan 


VN 


Viet Nam 


YU 


Yugoslavia 


ZW 


Zimbabwe 



wo 99/17428 PCT/SE98/01742 



METHOD AND ARRANGEMENT FOR EARTHING A ROTATING ELECTRIC 
MACHINE, AND A ROTATING ELECTRIC MACHINE 

The present invention relates to a method for earthing the winding of a 
5 tptating electric machine of the type described in the preamble to claim 1. The in- 
vention also relates to an arrangement for earthing as described in the preamble 
to claim 1 1 and to a rotating electric machine comprising such an arrangement, of 
the type described in the preamble to claim 36. 

The rotating electric machines referred to in this context comprise syn- 

10 chronous machines, used primarily as generators for connection to distribution 
and transmission networks, jointly known as power networks. Synchronous ma- 
chines are also used as motors as well as for phase compensation and voltage 
control, in that case as mechanically open circuited machines. This technical field 
also includes normal asynchronous machines, dual-fed machines, alternating cur- 

15 rent machines, asynchronous static current converter cascades, extemalpole ma- 
chines and synchronous flux machines. These machines are intended for use at 
high voltages, by which is meant here electric voltages in excess of 10 kV. A typi- 
cal operating range for such a rotating machine may be 36 to 800 kV, preferably 
72,5 - 800 kV. 

20 Rotating electric machines have conventionally been designed for volt- 

ages in the range 6-30 kV, and 30 kV has normally been considered to be an up- 
per limit. In the case of a generator, this usually means that the generator must be 
connected to the power networi< via a transformer which steps up the voltage to 
the level of the network, which is in the range of approximately 130-400 kV. 

25 Various attempts have been made over the years to develop especially 

synchronous machines, preferably generators, for higher voltages. Examples of 
this are described, for instance, in "Electrical Worid", October 15 1932, pages 
524-525, In the article entitled 'Water-and-Oil-cooled Turt^ogenerator TVM-300" in 
J. Eiektrotechnika, No. 1. 1970, pages 6-8 and the patent publications 

30 US 4,429,244 and SU 955,369. However, none of these attempts has been suc- 
cessful, nor have they led to any commercially available product. 

Surprisingly, however, it has proved possible to use high-vottage insulated 
electric conductors with solid insulation of a type similar to cables for transmitting 
electric power (e.g. XLPE cables), for the stator winding in a rotating electric ma- 

35 chine. This allows the voltage of the machine to be increased to such levels that it 
can be connected directly to the pow r network without intermediate transformers. 
The extremely important advantage is thus gained, int r alia, that the conventional 
transformer can be eliminated. 
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Conventional high-voltage generators are usually wound using rod- 
shaped copper segments which are insulated with epoxy and glassfiber fabnc. for 
instance. Such a stator differs essentially from the sort of stator winding to which 
the invention relates. The basis of the present invention is that the stator winding 
is entirely built up of said high-voltage electric conductors with solid insulation. 
Conventional high-voltage cables are provided with an outer semiconducting layer 
and an earthed copper sheath which is in continuous electrical contact with the 
,outer semiconducSiog liy.^r.JHowe^^^^^^^ copper sheath is eliminated in the insu- 
lated electric conductors which, as described above, are used in the stator wind- 
ing in a generator. This creates a need to earth the outer semiconducting layer of 
the conductor in some other way. 

\Nhen earthing the outer semiconducting layer, a maximum pemnissible 
distance between earthing points must be calculated. This is indicated, for in- 
stance, by the resistance per length unit of the semiconducting layer, the capaci- 
tance per length unH of the insulated conductor and the phase voltage. The insu- 
lated electric conductor preferably consists of an inner, cylindrical, current-carrying 
conductor with an inner semiconducting layer, a dielectric medium and an outer 
concentric semiconducting layer. The insulated conductor can therefore be con- 
sidered as a= capacitor where surface charges are always present on the elec- 
trodes the latter consisting of the inner semiconductor and the outer semiconduc 
tor. These surfaces charges must be supplied to the electrodes through conduc- 
tion i.e. a current must flow from earth to the outer semiconductor, or from the 
phase conductor to the inner semiconductor. If the surface charges cannot be 
supplied to the semiconductor sheaths because these are insulated, they will be- 
come electrically "floating" and reach impermissible potentials. This is solved by 
earthing the outer semiconductor at regular intervals. However, the semiconduct- 
ing layers have relatively high-resistance so that the current transporting the sur- 
face charges gives rise to a resistive voltage drop from the earth points to the mid- 
point between two earth points. This resistive voltage drop must be limited, pref- 
erably to below 150 V. since there is othenwise a risk of corona between the insu- 
lated conductor and an earthed component, e.g. the stator. in the vicinity. How- 
ever, this distance is often so long that other factors determine how the earthing 

should be achieved. 

One such factor is that when the insulated conductor is placed in the sta- 
tor slots in an electric machine, a voltage is induced which produces a circulating 
current that passes through the earth loops formed at earthing, and along the 
outer lay r of the insulat d conductor. If the outer semiconducting layer is con- 
tinuously earthed in the slot, a current loop is produced axially through the outer 
s miconducting layer, radially through the stator laminations, out to the stator 
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frame and axially back through the stator frame. The current may even be closed 
around a stator pole. However, the exact distribution of the current outside the in- 
sulated conductor is without significance for the current through the outer layer of 
the insulated conductor, since the resistance through stator laminations and frame 
5 is much lower than through the outer layer of the insulated conductor. 

If the insulated conductor is placed, insulated, against the slot and is not 
earthed at its exit from the slot, the circulating current may form a closed circuit via 
another insulated conductor where the insulated conductors intersect each other 
in the vicinity of the coil end. This is undesirable since strong heating results lo- 
0 cally where the cun-ent passes from conductor to conductor. This phenomenon 
occurs when the cun-ent is concentrated to a small area and may cause the tem- 
perature to increase to impermissible values. 

One solution to the earthing problem is of course to make sure that the in- 
sulated conductor is pressed fimnly against the earthed stator slot with sufficient 
5 force to obtain adequate electrical contact along the entire slot. Provided the insu- 
lated conductor abuts the laminations with the same contact resistance every- 
where, the current path will primarily fonn a closed circuit near where the insulated 
conductor exits and the current will be substantially constant along the insulated 
conductor. However, there is still a certain risk that a part of the current will fomri a 
20 closed circuit in undesired manner from conductor to conductor, e.g. if the lamina- 
tions con-ode in the stator slots so that contact resistance becomes extremely 
high. 

The object of the present invention is to solve the above-mentioned prob- 
lems with earthing of the winding in a rotating electric machine for high voltages. 
25 This object is achieved with a method in accordance with the preamble to 

claim 1 which, in accordance wrth the present invention, is given the features de- 
fined in the characterizing part of the claim. 

It is thus stated in claim 1 that earthing takes place between the exit 
points of the winding from the slots in the stator and the first intersection point 
30 between two coil ends of the winding. 

The object is also achieved in an arrangement in accondance with the 
preamble to daim 11 which has been provided with the features defined in the 
characterizing part of the claim. 

Thus, according to claim 11 the winding is made of an insulated electric 
35 conductor comprising at least one current-carrying conductor, and also comprising 
a first layer with semiconducting properties arranged surrounding the current- 
carrying conductor, a solid insulation layer an-anged surrounding said first layer. 
. and a second layer with semiconducting properties arranged sun-ounding the insu- 
lation layer, and in that the arrangement comprises earthing devices for applica- 
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tion against said insulated electric conductor, between the exit points of the wind- 
ing from the slots in the stator and the first intersection point between two insu- 
lated conductors of the winding after leaving the stator. 

The solution to the problem is thus that earthing takes place immediately 
5 the insulated conductor leaves the slot, before it gets to '^^^^ 
lated conductor in the coil end region. The winding is thus constructed so that its 
coil ends intersect each other. According to a particular^ preferred feature^ 
therefore, earthing takes place immediately where the winding leaves the slots in 

the stator core. . ^ r 

10 Earthing takes place through an external device .n the iom of an earthing 

device. Naturally this does not prevent earthing also taking place in the stator s bt 
insofar as possible. However, if the insulated conductor is insulated from the sta- 
tor laminations in the slot, which may be the case under certain --"-^^^^^^^^^^ 
then only external earthing is possible and is absolutely necessary for the function 
15 of the insulated conductor, as well as preventing the current from fomi.ng a closed 
circuit in the vicinity of the coil end. 

Additional features and advantages are revealed in the dependent claims 
According to an advantageous feature the method is characterized in that 
earthing takes place simultaneously and by means of one ^^^^.^^^^^^^-^f^^^^^^^^ 
20 device, of substantially all the winding turns which, upon leaving the slots m the 
stator. fom. a winding row. According to another feature earthing t-^es Ptece si- 
multaneously and by means of one and the same earthing device, of substantially 
all the winding turns which are included in two adjacent winding rows. 

According to an additional feature of the method the earthing device is .n- 
25 serted between two adjacent winding rows and is then turned, preferably ap- 
proximately 90°. so that it is brought into contact with substantially alt the winding 
tums in at least one of the adjacent winding rows. This contact is preferably resil- 
ient so that a certain pre-stressing occurs to ensure fimi abutment against the 
winding tums. i.e. the outer semiconducting layer of the insulated conductors. 
30 According to the arrangement in accordance with the invention the high- 

voltage electric conductor may be designed in many advantageous ways. The in- 
sulated conductor or hlgh-voltage cable used in the present inver^tion is flexible 
and is Of the type described in more detail in WO 97/45919 and WO 97M5847. 
The insulated conductor or cable is further described in WO 97/45918. 

35 WO 97/45930 and WO 97/45931 . 

Thus as mentioned previously, the windings are preferably of a type cor- 
responding to cables having solid, extruded insulation, like those currently us d 
for power distribution, such as XLPE-cabl s or cabl s with EPR-insulation. Such 
a cable comprises an inner conductor composed of one or more strand parts, an 
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inner semiconducting layer surrounding me conductor, a solid insulating layer sur- 
rounding this and an outer semiconducting layer surounding the insulating layer. 
Such cables are flexible, which is an important property in this context since the 
technology for the device according to the invention is based primarily on winding 
systems in which the winding is formed from conductors which are bent during as- 
sembly. The flexibilrty of a XLPE-cable normally con-esponds to a radius of curva- 
ture of approximately 20 cm for a cable 30 mm in diameter, and a radius of curva- 
ture of approximately 65 cm for a cable 80 mm in diameter. In the present appli- 
cation the term "flexible" is used to indicate that the winding is flexible down to a 
radius of curvature in the order of four times the cable diameter, preferably eight 
to twelve times the cable diameter. 

The winding should be constructed to retain its properties even when it is 
bent and when it is subjected to thermal or mechanical stress during operation. It 
is vital that the layers retain their adhesion to each other in this context. The ma- 
terial properties of the layers are decisive here, particulariy their elasticity and 
relative coefficients of themnal expansion. In a XLPE-cable, for instance, the insu- 
lating layer consists of cross-linked, low-density polyethylene, and the semicon- 
ducting layers consist of polyethylene with soot and metal particles mixed in. 
Changes in volume as a result of temperature fluctuations are completely ab- 
sortjed as changes in radius in the cable and. thanks to the comparatively slight 
difference between the coefficients of thermal expansion in the layers in relation 
to the elasticity of these materials, the radial expansion can take place without the 
adhesion between the layers being lost. 

The material combinations stated above should be considered only as ex- 
amples. Other cbmbiriatibns fulfilling the conditions specified and also the condi- 
tion of being semiconducting, i.e. having resistivity within the range of IO-I-I06 
ohm-cm. e.g. 1-500 ohm-cm, or 10-200 ohm-cm. naturally also fail within the 

scope of the invention. 

The insulating layer may consist, for example, of a solid thermoplastic 
material such as low-density polyethylene (LDPE). high-density polyethylene 
(HOPE), polypropylene (PP). polybutylene (PB). polymethyl pentene (TPX"). 
cross-linked materials such as cross-linked polyethylene (XLPE or PEX). or mb- 
ber such as ethylene propylene rubber (EPR) or silicon rubber. 

The inner and outer semiconducting layers may be of the same basic 
material but with particles of conducting material such as soot or metal powder 
mixed in. 

The mechanical properties of these materials, particulariy their coefficients 
of thermal expansion, are affect d relatively little by virtnether soot or metal powder 
is mixed in or not - at least in the proportions required to achieve the conductivity 
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necessary according to the invention. The insulating layer and the semiconducting 
layers thus have substantially the same coefficients of themial expansion. ^ 
Ethylene-vinyl-acetate copolymer/nitrile mbber. butylgraft polyethylene, 
ethyiene-acrylate^polymers and ethylene^thyl^crylate copolymers may also 
constitute suitable polymers for the semiconducting layers. 

Even when differBnt types of material are used as base .n the vanous lay 
ers H is desirable for their coefficients of thermal expansion to be of ^-bs^^nt>any 
the same rr^agnHude. This is the case with the combination of the matenals l.sted 

The materials listed above have relatively good elasticity, with an E- 
modulus of E<500 MPa. preferably <200 MPa. The elasticity is sufficient for any 
minor differences between the coefficients of thermal expansion for the matenals 
Tn the tyers to be absorbed in the radial direction of the elasticity so that no 
cracKs or other damage appear and so that the layers are not ^^^^^^^^^^^^^ 
other The material in the layers is elastic, and the adhes.on between the layers .s 
at least of the same magnitude as in the weakest of the materia^. 

The conductivity of the two semiconducting layers .s sufficient to substan- 
tially equalize the potential along each layer. The conductivity of the outer serm- 
c«ndulg layer Is sufficiently high to contain the electHdal field w~ -^'e^ 
but at the same time sufficiently low not to give rise to s.gnrf.cant losses due to 
currents induced in the longitudinal direction of the layer. 

Thus each of the two semiconducting layers essentially constitutes one. 
equlpotential surface, and the winding comprising these layers will -^^Jan^ally 
enclose the electrical field within it. The first layer is also at substantially the same 
potential as the current-carrying conductor. The second layer is Preferably 
ranged to constitute a substantially equlpotential surface surrounding he curren - 
carding conductor(s). It is also connected to a predetemnined potential, preferably 

earth ^^^^ ^^^^^ p^^^^^ ^ore additional semicon- 

30 ducting layers being an^nged in the insulating layer. 

The insulated conductor or cable also preferably has a diameter wrthin the 
inten^al 20-250 mm and a conducting area within the interval 80-3000 mrn^. Ac- 
cording to further features the current-carrying conductor may comprise a number 
of strand parts, only a few of which are not insulated from each other. Finally. 
35 each Of the three layers may be fimily joined to the adjacent layer along essen- 
tially its entire contact surface. „L,.,.«^or 
The arrangement according to the invention is also particularly character- 
ized in that the earthing device comprises at 1 ast one resilient part and at I ast 
one I m nt made of an electrically conducting material. The arrangement may 



20 



25 



wo 99/17428 



7 



PCT/SE98/01742 



also comprise an earthing member connecting the earthing device to earth poten- 
tial, preferably by earthing in the stator frame. This member may be an earth wire 
and it may be constituted of a metal braid or a solid copper conductor running cir- 
cularly around the whole stator and lying outside/above the coil ends. Other em- 
bodiments are also feasible. 

The resilient part of the earthing device and the conducting element are 
preferably arranged on a support made of a relatively stiff electrically conducting 
material. This support may consist of a glassfiber rod. for instance, or a plate of 

glassfiber laminate. 

The earthing device preferably has longitudinally extended forni so that, 
upon application, it is in contact w^ith the insulated conductor of substantially all 
the winding turns which, when leaving the slots in the stator. fonn a winding row. 
Normally, the number of winding turns is 12, which then together form a winding 
row. 

According to a first embodiment the resilient part of the earthing device is 
arranged along at least one of the long sides of the earthing device which side, 
after application, faces towards the insulated conductors in a winding row so that 
the earthing device is in resilient contact with the insulated conductors. The resil- 
ient psirt of the earthing device may advantageously be an-anged along both longi- 
tudinal sides. According to this embodiment the element made of electrically con- 
ducting material extends along the earthing device so that, after application of the 
earthing device against the insulated conductors, it is located between the resil- 
ient part and the insulated conductors and is in contact with substantially all insu- 
lated conductors in a winding row. 

According to a second embodiment the resilient part is arranged in the di- 
viding plane of the earthing device, the element made of electrically conducting 
material then being attached to the support of the earthing device, the latter thus 
being divided into two halves by the resilient part. 

In both ttiese embodimente the resilient part may be designed in various 
ways. Examples are a die-cast rubber section, a leaf spring, a helical spring, a 
coraigated laminate or a corrugated (intermediate) layer, etc. 

According to a third embodiment the earthing device may have several 
resilient parts - one situated centrally, e.g. in the form of a corrugated 
(intermediate) layer, which is surrounded on each side by two support halves, and 
two additional resilient parts on the outsides of the support halves, e.g. in the fomn 
of rubber profiles. This an^ngem nt gives the advantage of extra flexible resil- 
i nee. 

The el ctrically conducting element may also be designed in several 
ways, such as in the form of a metal tape e.g. of aluminium, or a metal braid, e.g. 
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Of copper. A metal braid has the particular advantage of offering a certain amount 
of stretch, which may be needed when the resilient member is partially defomned 
upon application between the winding rows, it is also important for the electrically 
conducUng element to have a large contact surface with the conductor of the 
5 winding. The electrically conducting element is preferably attached to the res.hent 
part, or alternatively to the support, by means of gluing, for instance. 

in fourth and fifth embodiments the resilient part and the electncally con- 
ducting element may be designed as a single, combined member having both 
resilient and electrically conducting properties. Such a combined member may 
10 consist, for instance, of a helical spring of electrically conducting matenal. of a 
rubber profile strip that has been made semiconducting by filling silicone rubber 
with soot particles or silver flakes, for instance, or it may alternatively compnse an 
earthing element with higher conductivity than the semiconducting rubber, such as 
a copper wire. However, the importance of a relatively large contact area is here 

15 ®'"P^^®]^^*^^^^.^.^^g„y 3^ advantageous feature it is stated that the earthing de- 
vice is in contact with the stator surface. It is advantageously also attached to the 
stator surface, e.g. glued or screwed on. The earthing device may advantageously 
be earthed via the stator surface, without any separate earthing member. How- 
20 ever, in many case this is not possible since the ends of the stator may be pro- 
vided with a protective stator plate. When the temn "stator core" or "stator surface 
is mentioned in this description, it refers where applicable to a stator core or stator 
surface including such a plate if present. However. It is presumed that when 
earthing takes place via the stator surface it does not have any stator plate. 
25 A particularly important feature is stated to be that, in all its embodiments, 

the earthing device may be symmetrical in relation to Hs longitudinal axis, which 
thus has the advantage that the earthing device connects all insulated electric 
conductors in the winding rows of both sides of the device to earth. 

Finally the arrangement has the advantage of also comprising members 
30 to electrically insulate intersecting coil ends of the winding from each other in the 
coil end region. This constitutes an additional safety precaution to make abso- 
lutely sure that no current forms a closed circuit between two insulated conductors 

in the coll end region; 

The invention also comprises a rotating electric machine, as described 
35 previously, which is characterized in that it comprises an arrangement as defined 

above. . . 

According to a particularly advantageous embodiment the machine is 
provided with arthing devices applied betw en at least alternate winding rows, or 
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alternatively between every winding row. The method in accordance with the in- 
vention reveals corresponding features. 

To increase understanding of the invention, it will now be described in 
detail with reference to the accompanying drawings illustrating embodiments of 
the invention by way of example, in which drawings: 

Figure 1 shows schematically a first embodiment of an arrangement according 
to the invention, seen fnam above, comprising an earthing device in- 
serted between two winding rows, as well as an earthing member, 

Figure 2 shows the earthing device in Figure 1, seen from the side and par- 
tially in section, inserted between two winding rows. 

Figure 3 illustrates schematically and only partially an earthing device accord- 
ing to a second embodiment of the invention, seen from above and 
inserted between two winding rows, 

Figure 4 shows schematically a third embodiment of an earthing device, seen 
from above. 

Figure 5 shows schematically a fourth embodiment of an earthing device, 
seen from above, 

Figure 6 shows schematically a fifth embodiment of an earthing device, seen 
from the side, 

Figure 7 shows a first variant of the first embodiment of the earthing device, 
seen from the side and in section. 

Figure 8 shows a second variant of the first embodiment of the earthing de- 
vice, seen from the side and in section, 

Figure 9 shows a cross section through an insulated conductor suitable for 
the winding In the rotating electric machine according to the present 
invention. 

The insulated conductor or cable, illustrated in Figure 9. comprises at 
least one current-carrying conductor 1. a first layer 2 with semiconducting proper- 
ties sun-ounding this, a solid insulation layer 3 surounding said first layer and a 
second layer 4 with semiconducting properties surrounding the insulation layer. 
The cun-ent-carrying conductor 1 may also comprise a number of strand parts 6. 
The three layers are achieved in such a way that they adhere to each other even 
when the cable is bent. The cable shown is flexible and this property is retained 
throughout its service life. 

Figure 1 illustrates schematically a first embodiment of an earthing device 
10 applied on the stator. or in its immediate proximity, in a rotating electric ma- 
chine, between two winding rows 12. 13. The stator comprises stator slots for the 
winding and. wh re the turns of th winding leav the stator slots at the end of the 
stator. they fbmi rows, one for each stator slot. Twelve winding turns are usually 
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included in a winding row 12. 13. the winding in accordance with the invention 
consisting of insulated electric conductors 7. The earthing device 10 extends 
longitudinally so that it can earth all conductors simultaneously. The earthing de- 
vice here comprises a support 15 on each side of which, i.e. the long sides of the 
earthing device which in the figure are in contact with the insulated conductors, is 
provided resilient parts 16. These resilient parts are in turn provided with elements 
18 made of electrically conducting material, which abut against the insulated con- 

ductors...Xbe earthingjeyice ^^^^^^^ 

The an-angement also includes an earthing member 20 for connecting the earth- 
ing device to a suitable earth point, e.g. an earth wire 22 which is earthed .n the 

stator frame 23. ti,^ 

Figure 2 illustrates the earthing device seen from the side. Here the sup- 
port 15 is seen provided with resilient parts 16. the outside of which facng the in- 
sulated electric conductors 7. are provided wrth electrically conducting elements 
18 The earthing device Is here in contact wrth the end surface of the stator core 
17 However, the earthing device could also be placed a short distance from the 
stator core. It must, however, be located between the exit points 25 of the insu- 
lated conductors from the stator core and the first intersection point 26 between 
two insulated conductors in the vicinrty of the coil ends. 

The parts of the earthing device are revealed more cleariy in Figure 3 
which is an enlarged view of a second embodiment of the earthing device. The 
elements, in this figure and in following figures showing other embodiments and 
variants, which correspond to previously mentioned elements have been given the 
same reference numerals. A dividing plane 28 for a centrally placed resilient part 

26 is shown. In the figure it is drawn as a nibber element but it may also consist of 
a spring, e.g. a leaf spring, a helical spring or a comjgated laminate. The support 

27 is here divided into two parts, one on each side of the resilient part 26. An 
electrically conducting element 18 is arranged on the outside of the support. With 
reference to this embodiment another embodiment may be mentioned comprising 

30 a combined support and resilient part made of the same material, e.g. rubber. 

Figure 4 illustrates a thinl embodiment comprising a centrally located resil- 
ient part in the form of a conugated (intemiediate) layer 33. The support 27 is 
here divided into two parts, surrounding the comigated (intennediate) layer. Out- 
side the support are two addrtional resilient parts 34. to which the electrically con- 
35 ducting elements 1 8 abutting the conductors 7 are attached. 

Figure 5 shows a fourth mbodiment in which the resilient part and the 
el ctrically conducting I ment are combined to a common member, on both 
Sid s of a support 30. The combined m mb r consists preferably of a metallic, 
helically shaped spring 31 and. according to the figure, such a spring has b en 
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applied on both sides of the support 30. Alternatively, as mentioned, the support 
and the resilient part may be made in one piece, e.g. in the form of a rubber sup- 
port. 

Figure 6 shows schematically a fifth embodiment of an earthing device in 
Mhxch all three functions are combined in a single member, namely a rubber strip 
profile 36 which has been made semiconducting by particles 37 of conducting 
material having been mixed into it. The size of the particles has been greatly ex- 
aggerated in the figure for the sake of clarity. They are normally so small as to be 

hardly visible in the figure. 

Figure 7 shows a first variant of an embodiment of the earthing device in 
accordance with the invention. The earthing device in Figure 7, shown in section, 
thus comprises a support 15. provided with resilient parts 16 on its two longitudi- 
nally running sides. Elements 18 of an electrically conducting material are ar- 
ranged on the outside of these resilient parts, for abutment against the insulated 
electric conductors. These elements are then connected to the earth wire which in 
turn is connected to earth, e.g. the stator frame. The embodiment illustrated in 
Figure 8 differs from that shown in Figure 7 in that the electrically conducting ele- 
ment is here applied on the lower side of the earthing device, i.e. the side that will 
face the end surface of the stator core. The conducting element 40 is so designed 
that it extends past the long sides of the earthing device in transverse direction, a 
distance that preferably corresponds at least to the height of the earthing member, 
i.e. the side in contact wfth the insulated conductors. When the earthing device 
has been applied between the conductors, the parts 42 of the conducting element 
that protaide at the sides will be folded up. since they are made of a flexible ma- 
terial, and will enter into contact with the sides of the earthing device when this 
has been installed between the winding rows. 

The an-angement functions generally as follows. The earthing device is in- 
serted between two winding rows while "standing" on its long side, i.e. it is turned 
approximately 90° in relation to the position it will have when installed. When the 
earthing member has been fully inserted between the windings it is turned 90° 
back again. When this is done the sides of the earthing device will be pressed 
against the conductors of the winding, against the action of the resilient part v^^ich 
will thus be somewhat deformed. When the earthing device has been turned to its 
correct position, therefore, pre-stressing will prevail in the resilient part and this 
helps so keep the device in place and improves the electrical contact between the 
electric element of the device and the conductors of the winding. Earthing is finally 
effected by the arthing device being connected to th earth wire. Alternatively, 
the earthing d vice is earthed directly through contact with the stator core. 
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Naturally a number of modifications are possible, particularly as regards 
the design of the electric element and rts attachment to the earthing devce^ Fur- 
thermore, in most of the above cases the earthing device has been described as a 
profile i.e. wKh its side to follow the profile of the winding rows. However a more 

s or less straight side may also be possible. The embodiments described above by 
way of example should not therefore be understood as limiting. A number of 
modifications are possible within the scope of the appended claim^ In part,cute 
should be mentioned the possibilities of various combinations of the examples 
shown with regard to support, resilient parts and electrically conducting elements. 

1 0 that can be considered obvious to one skilled in the art. 
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CLAIMS 

1 . A method for earthing the winding of a rotating electric machine compris- 
ing a stator with a stator core (17) and winding (7) arranged in slots in the stator, 
characterized in that earthing takes place between the exit points (25) of the 
winding from the slots in the stator and the first intersection point (26) between 
two coil ends of the winding. 

2. A method as claimed in claim 1, characterized in that earthing takes 
place in the immediate proximity of the winding's exit from the slots in the stator. 

3. A method as claimed in claim 1 or claim 2 characterized in that earthing 
takes place simultaneously and by means of one and the same earthing device 
(10), of substantially all the winding turns which, upon leaving the slots in the sta- 
tor, form a winding row (12, 13). 

4. A method as claimed in claim 3, characterized in that earthing takes 
place simultaneously and by means of one and the same earthing device (10). of 
substantially all the winding turns which are included in two adjacent winding rows 
(12, 13). 

5. A method as claimed in claim 3 or claim 4, characterized in that the 
earthing device (10) is inserted between two adjacent winding rows (12. 13) and is 
then tumed. preferably approximately 90O. so that it is brought into contact with 
substantially all the winding turns in at least one of the adjacent winding rows. 

6. A method as claimed in claim 5, characterized in that earthing devices 
(10) are applied between at least every second winding row (12, 13). 

7. A method as claimed in claim 6. characterized in that an earthing device 
(10) is applied between every winding row (12, 13). 

8. A method as claimed in any of the preceding claims, characterized in that 
the earthing device (10) is applied so that it is in contact with the surface of ttie 
stator. 

9. A method as claimed in any of the preceding claims, characteriz d in that 
earthing devices (10) are applied at both ends of the stator. 
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10. A method as claimed in any of the preceding claims, characteriz d in that 
intersecting coil ends of the winding are insulated electrically from each other in 
the coil end region. 

11. An an^ngement for earthing the winding of a rotating electric machine 
comprising a stator with a stator core (17) and winding (7) arranged in slots in the 
stator. characterized in that the winding is made of an insulated electric conduc- 
tor (7) comprising at least one current-carrying conductor (1). and also comprising 
a first layer (2) with semiconducting properties arranged surrounding the current- 
carrying conductor, a solid insulation layer (3) an-anged surrounding said first 
layer, and a second layer (4) with semiconducting properties anranged surround- 
ing the insulation layer, and in that the arrangement comprises earthing devices 
(10) for application against said insulated electric conductor, between the exit 
points (25) of the winding from the slots in the stator and the first intersection point 
(26) between two insulated conductors of the winding after leaving the stator. 

12. An arrangement as claimed in claim 11. characterized in that the layers 
(2. 3, 4> are an^nged to adhere to each other even when the insulated conductor 
is benr' " "- ' " " ■ 

13. An arrangement as claimed in claim 1 1 or claim 12, characterized in that 
the second layer (4) is an-anged so that it constitutes a substantially equipotentlal 
surface surrounding the current-carrying conductor(s) (1). 

14. An arrangement as claimed in any of claims 1 1-13, characterized in that 
the second layer (4) is connected to earth potential. 

15. An arrangement as claimed in any of claims 1 1-14. characterized in that 
at least two adjacent layers have substantially equal coefficients of thermal ex- 
pansion. 

16. An an-angement as claimed in any of the preceding claims, characterized 
in that the earthing device (10) comprises at least one resilient part (16; 26; 31; 
33.34) and at least one element (18; 31 ; 40,42) made of an electrically conducting 
material. 



17. An arrangement as claimed in claim 16. characteriz d in that it com- 
pris s an earthing m mber connecting the earthing device to earth potential. 
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18. An arrangement as claimed in claim 16 or claim 17, characterized in that 
the resilient part (16; 26; 31; 33,34) of the earthing device and the conducting 
element (18; 31; 40,42) are arranged on a support (15; 27; 30) made of a rela- 
tively stiff electrically conducting material. 

5 

19. An arrangement as claimed in any of claims 16-18, characterized in that 
the earthing device (10) has longitudinally extended form so that, upon applica- 
tion, it is in contact with the insulated conductor (7) of substantially all the winding 
turns which, when leaving the slots in the stator, iom a winding row (13, 14). 

10 

20. An arrangement as claimed in claim 19, characterized in that the resilient 
part (16; 26; 31; 33,34) of the earthing device is arranged along at least one of the 
long sides of the earthing device which side, after application, faces towards the 
insulated conductors (7) in a winding row so that the earthing device is in spring- 

1 5 ing contact with the insulated conductors. 

21. An an-angement as claimed in any of claims 19-20, characterized in that 
the element (18; 31; 40,42), made of electrically conducting material, extends 
along the earthing device (10) so that, after application of the earthing device 

20 against the insulated conductors (7). it is located between the resilient part (16; 
26; 33,34) and the insulated conductors and is in contact with substantially all in- 
sulated conductors in a winding row. 

22. An arrangement as claimed in any of claims 19-21, characterized in that 
25 the resilient part (26; 33) of the earthing device is arranged in the dividing plane 

(28) of the earthing device. 

23. An an-angement as claimed in any of claims 16-22, characterized in that 
the resilient part (16; 26; 34) consists of a die-cast rubber profile, a spring (31) or 

30 a corrugated (intermediate) layer (33). 

24. An arrangement as claimed in any of claims 16-23, characterized in that 
the electrically conducting element consists of a metal tape or a metal braid. 

35 25. An an-angement as claimed in any of claims 16-21 , characterized in that 
the resilient part and the electrically conducting element are designed as a single, 
combined member (31; 36) having both resilient and electrically conducting prop- 
erties. 
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26 An arrangement as claimed in claim 25, charact rized in that the com- 
bined member consists of a helical spring (31) of electrically conducting material. 

27 An arrangement as claimed in claim 25. characterized in that the com- 
5 bined member consists of a rubber profile (36) that has been made semiconduct- 
ing. 

28 An arrangement as claimed in claim 27. characterized in that the semi- 
conducting rubber profile also comprises an earthing element with higher conduc- 

10 tivity than the semiconducting rubber. 

29 An arrangement as claimed in any of claims 16-28. characterized in that 
the earthing member (20) is earthed in the stator frame and in that it compnses an 
earth wire or an. earthing braid. 



30. An anangement as claimed in any of claims 1 1-29, characterized in that 
the earthing device (10) is in contact with the stator surface. 

31 . An an-angement as claimed in claim 30. characterized in that the earthing 
20 device (1 0) is attached to the stator surface. 

32. An arrangement as claimed in any of claims 30-31 . characterized in that 
the earthing device (10) is earthed via the stator surface. 

25 33 An arrangement as claimed in any of the preceding claims, characterized 
in that the earthing device (10) is symmetrical in relation to its longitudinal axis. 

34 An arrangement as claimed in any of the preceding claims, characterized 
in that several earthing devices are joined together via their ends facing the stator 

30 frame. 

35 An arrangement as claimed in any of claims 1 1-34, characterized in that 
it also comprises members to electrically insulate intersecting coil ends of the 
winding from each other, in the coil end region. 



35 



36 A rotating el ctric machine comprising a stator with a stator core and 
winding arranged in slots in the stator. charact riz d in that it compris s an ar- 
rangement as defm din any of claims 11-35. 
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37. A rotating electric machine as claim d in claim 36. characteriz d in that 
an earthing device is applied between at least every second winding row, a wind- 
ing row consisting of those winding turns that leave the stator from the same sta- 
tor slot. 

38. A rotating electric machine as claimed in claim 37, characterized in that 
an earthing device is applied between every winding row. 
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